and data collection methods are described by Smith et al. [ 1995] .
In this paper we start with the observation from ophiolites [e.g., Kidd, 1977; Nicholas, 1989 5. Linear fractures, scarps, and graben occur on the AYRs and are typically oriented parallel to the strike of the segment (Figures 3c and 3e) . Scarps range up to several kilometers in length and face in both directions; in some cases, facing scarps appear to make up graben, which typically are up to a few hundred meters in width, ranging down to narrow fissures in which a flat floor cannot be detected at the available resolution. In some cases, flows and edifices appear to be superposed on these features; in others, the tectonic features appear to be superposed.
These typical AVR edifice characteristics and relationships (Figures 1-3) [Smith et al., 1995] provide a basis on which to test the hypothesis that they can be explained by dike emplacement mechanisms and associated eruptions. Here we summarize this paradigm in four stages and apply it to the seafloor environment in order to provide a basis for the interpretation of the landforms described above.
Model of Dike Emplacement and Eruption

Dike Emplacement and Eruption Initiation
At shallow lithosphere depths, the thermal state, density state, stress state, and consequent theological properties of lithospheric magma and rocks ensure that magma motion in this region almost always takes place through elongate, elastic cracks (,dikes). This is in contrast to deeper levels, wfiere melt transfer may take place through the rise of positively buoyant, relatively equant, diapiric bodies Rubin, 1993a] . Wherever magma segregation takes place at shallow levels beneath the seafloor, dike formation must be the typical mechanism by which magma leaves regions of accumulation (e.g., reservoirs) and travels upward to feed intrusions or eruptions [Rubin, 1993a, b; Ryan, 1993 [1978] suggested from seismic and geochemical data that, if they exist, MAR magma reservoirs must be <2 km in diameter.
However, there is no direct evidence to date of presently existing magma bodies beneath the MAR; seismic data have not revealed reflectors thought to be the tops of melt zones, as they have at the EPR, and the detailed geometry of magma movement and dike emplacement is not well constrained. Where long-lived reservoirs are present, melt is likely to be organized into elongate 10 to 15-km-long bodies extending laterally from above mantle diapirs, themselves about 15 km in length; these together are separated by intervals of about 50 km, the typical ridge segmentation length [Nicholas, 1989] . that the bubbles will occupy 5.9 to 6.1% of the magma volume, leading to a -6% reduction in its bulk density. is impossible for melt to reach the surface (for submarine eruptions, the ocean floor), and no eruption will take place following a lateral intrusion, although surface deformation may occur, a factor we return to later.
Analyses
Whenever magma moves within a propagating dike, however, a pressure gradient must exist in the direction(s) of the magma motion to overcome frictional forces at the walls [Pollard, 1987; Lister and Kerr, 1991] and this leads to a region of low absolute magma pressure near any growing dike margin. This low pressure encourages exsolution of any available volatile species and thus the formation of a population of gas bubbles in the magma. The low density of this gas reduces the bulk density of the magma and changes the stresses acting on the dike wails in a way that increases the possibility of the dike top growing upward and allowing an eruption to start [Rubin and Pollard, 1987] . Exsolution of all 700 ppm of CO 2 remaining in a reservoir of magma, buffered at the pressure at which rapid release of H20 begins (-4 MPa), would produce bubbles occupying-12% of the magma volume and leading to a similar percentage reduction in the magma bulk density. We stress that this degree of vesiculafity applies only to the magma in the tip of the dike while the dike is still growing upward. As soon as an eruption begins, a new pressure gradient is established along the dike, buffered by the reservoir pressure at one end and the ocean floor pressure at the other. The system adjusts to the new gradient on a timescale controlled by the passage of acoustic waves through the dike magma. These waves travel at speeds of-100 m/s when the vesicularity is -6% [Kieffer, 1977] , the value found above for the reservoir magma, so that the relaxation time is a few tens of seconds for dikes a few kilometers long. Only the magma erupted during the early part of this period will have the above enhanced (-12%) vesicularity; the remainder of the magma should all be equilibrated with the ambient ocean-floor pressure, and thus be less vesicular, as commonly appears to be the case on the basis of samples from the seafloor at these depths [Moore, 1979] 
Initial Eruptions from Linear Fissure Vents
Once an eruption breaks out at the surface, the pressure and velocity distributions in the rising magma (and the width of the feeding dike as a function of depth) adjust quickly until the pressure in the vent reaches an equilibrium value which, for submarine eruptions, will be the ambient water pressure on the ocean floor. Subaerial eruptions can take place under conditions in which the pressure in the vent is higher than the ambient value because the fissure system does not flare outward toward the surface rapidly enough to accommodate the expansion of gas being exsolved from the magma [Kieffer, 1984; Giberti and Wilson, 1990 ]. However, computation of the characteristics of eruptions on the ocean floor using the numerical models of magma motion described by Wilson and Head [1981] shows that, for the estimates of the amounts of exsolved gas in erupting magmas given earlier, aboveambient pressures in the vent are extremely unlikely. We saw earlier that the bulk density of a lava erupting on the ocean floor will not change rapidly with depth below the vent given the high ambient pressure. We can therefore use standard fluidmechanical relationships for incompressible fluids [e.g., Knudsen and Katz, 1958] 
and the time '•t required to emplace one cooling limited sheet flow unit is found from continuity requirements to be (LfDjiQ). Table 1 
Evolution of Eruption Conditions
During an eruption, the commonest circumstance in the magma reservoir is that the reservoir pressure decreases .with time. In rare cases, the excess pressure in the magma reservoir feeding an eruption will remain at its initially high value as the eruption proceeds; this occurs when the supply rate from the mantle to the reservoir is unusually high . Eventually, if the eruption were able to continue long enough, the pressure would approach a near-constant value at which the resupply rate from the mantle on average equaled the volume eruption rate. This appears to be a relatively rare circumstance in subaerial eruptions, because any decline in pressure will mean that the flow speed of the magma through the dike system will decrease, and the effects of cooling through the dike walls will become progressively more important at any given depth below Cooling will be most important where a dike is narrowest. The three-dimensional shapes of ideal dikes [Pollard, 1987] are such that the smallest widths are expected to be found near the ends of the fissure along which the dike emerges onto the seafloor. However, in practice significant changes in width occur along the fissure vents due to random fluctuations in the elastic properties of the host rocks. Another factor is dike splitting and rotation of dike segments at shallow levels in response to changes in orientation of the least compressive stress, leading to en echelon outcrops. Enhanced cooling, especially near the surface, in the narrower parts of such systems leads to a progressive concentration of eruptive activity into the wider parts of the dike (Figures 4a and 4b ) [Wilson and Head, 1988] , where the higher magma rise speed coupled with the greater width leads to a much greater volume flux per unit length (Table 1) . We anticipate that this concentration of activity due to near-surface cooling will be expressed much more strongly on the seafloor than on land: the rise speed of a typical basaltic magma over the last hundred meters of its ascent on land will be of order 50 m/s, because the melt will have undergone fragmentation to feed a lava fountain. The undisrupted and only slightly vesicular magma of a corresponding seafloor eruption will rise at less than 1 m/s, as shown above, and cooling processes will have 2 orders of magnitude more time to operate. 
Continued Eruption from Central Vents
Once activity becomes concentrated into a few locations along a fissure system, each behaves more nearly as a point source (Figures 4a and 4b) [Wilson and Head, 1988] (Figures 4, 5, and 8c) .
At the widest end of the range of dike widths treated here (1-3 m), the model predicts that fissure eruptions should be characterized by relatively high effusion rates producing flows a few meters thick and up to many tens of kilometers in length (Figure 8d ). These are almost certainly equivalent to the smooth sheet-like flows that are commonly observed in the topographic lows adjacent to the axial volcanic ridges ( Figure  3f) . Indeed, Smith et al. [1995] have noted that one segment (6) of their study area has no axial volcanic ridge but instead is characterized by smooth flows, smooth flat-topped and hatshaped seamounts, and a large negative gravity anomaly. This configuration would be consistent with a larger reservoir, relatively larger dike widths, and higher effusion rates producing distributed and centralized sheet-like flows rather than a distinctive axial volcanic ridge (Figure 9 ).
It should be noted that, although 2-3 m wide dikes could produce very long (many tens of kilometers -see L values in Table 1) 
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which extends this same distance aIong strike. For illustrative purposes the magma chamber is taken to have an elliptical cross section with height X and width 2X. Blake [1981] showed that there should be a range of relationships between the volume of magma erupted from the reservoir and the total reservoir volume, depending on whether the response of the country rocks was purely elastic or largely inelastic, and on this basis we postulate that the reservoir volume must typically be at least 30 times the volume of erupted magma. These relationships then imply that the reservoir dimension X will be related to The values of X implied by this analysis are given in Table 1 . 
